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! 
The present 4nvention relates .torotating elec- 
trical apparatus and more specifically fo,an elec» 
tric dynamo which is adapted, among. other.uses, 
ïor the supplying of heavy pulsês .of current,for 
relative!y short interv.als for a spot, prajection, 
or flash-typeelectric :vesistance welding. 
The principal objects of the present inventior 
are: fo provide an improved ,electrical current 
gm]eratng apparatusof the character described; 
to provide un improved-cooling syStem .for «such 
apparatus; to provide such a co01ing system 
which wi!l not act to unbalance the-rotating 
parts of ,the apparatus; to providesuch aco01ing 
system which will hot form gas pockets; to pro- 
videsuch a cooling system in which the rotation 
of the moving parts,of the electic appratus wïI1 
cause the coolant to cirulate; to provide a new 
nd improved energy storage and ,corversion 
apparatus; to provide an improved ,energy-stor- 
ae ïlynamoelectric machine having a-flywheeI 
for energy storae; fo provide .such a mactiine 
which rotates about a vertical axis; to provide 
means for reducing the end thrust aginst .the 
bearings in such a vertically arrnged ëlectric 
machine; to provide a flux pathforsu-ch a,veti- 
caIly aïranged machine ,which includes .a teast 
a .portion of-the flywheel Whereby the attractive 
effëct of 'the flux Will support the flywheel; 
provide an-improved excitirg control system 1or 
such an electric machine; fo provide such--an 
exciting system in which the output voltage is 
relatïvely independent of Changes 0f speed ,of 
rotation Uf the machfne; and generally toprovide 
a new and improved electric power-genera$ing 
apparatus f:or use in welding systems. 
Other and more detailed objects of-the inven- 
lion will appear in the following-description and 
in the appended claims. 
In the accompanying drawings, which illus- 
tre,e preferred embgdiments 0fthe invention and 
throughout the several views of which .cor-re- 
,ponding Teference characters are used fo desig- 
ns, të correspondingparts: 
Figure I isa view in elevàtion-of a motor-gen- 
erator unit embodying the invention; 
Fig. 2 is a vie»/ of the lower portion of the 
hornopolaï generator shown partly in central 
vertical section,-the sections being talen aloflg 
various radial lines fo best illustrate the.various 
constructional features thereof; 
Fig. 3 is a view of the upper portion of .the 
generator with certain parts shown in-radiàl,see- 
tion fo ,illustrate cmttain constructional features 
thereof; 
Fig. 4 is an enlarged-viw showing, in central 
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vertical section, the coolant connections .there- 
for; 
,Fig. 5 is . .v, iew ,tken substntiaÏly ,alon.g 
line  of Fig. 2; 
5 .F, ig..6 is .a patil wiew taken subs£antially 
long :the .li-ne ,6G of 'g. 2; 
ig.   a ;artial uiew aken subs£antllly.lo 
the line  of .g. 2; 
.Fig. 8 is a prtiC view taken substantia 
10 ]o the line 88of g. 2; 
ig.:9 is a schematicelectcal:diagram show 
the :exciing circult for the homopolar motor 
generator; 
Fig. 10 .is a patial iew showing the 
15 relationship of he-rotor inducr bars; 
g. I.1 is a ,prtial .sectional vleshowing the 
seling member for the:collect ring.; 
.g. 12 is anenlarged iew uf a.collectm':brush; 
nd 
20 Fig. 13 is schematic iew of:a-wel.ding.ssem 
embodyng the invention. 
It ill be appreiated :fom a complete ,under- 
standing of the :present ,inventon at the 
provements çhereof .may be ..emboed .in ap- 
25 paçatus of v«idely ag ,.caacities 
tended for,idely OEffeenf .types .of srioe; hat 
in-certain of. their broader aspts many 
of the present complete system may be utilized 
idependently ,of nther featm's .and that the 
3o present imoements::my,beemhodied in ldely 
differing .struCturel :fonns. 'e Pent 
closure, therefore, of a :partic.utgr:s£ruetnml em- 
diment:is.to ;be regarded in:n.,illusrive :and 
hOt in  .limitg ser. 
3 Referring flrsf o g..1,.:the :r generar 
eombinion  ' comprises :ea hmopolar :genera 
portion 2, a ;motor d'£ng por£ion '4, .and :an:ex- 
citer @-mnged in.,concentric fashn 
the other ,in  single csing nd he :zoors .of 
40 Which ae all secured ,£ogether npon  gommon 
short ,8. e single csing for the .mtor 
ertor unit:omprises a series:of casing sectioms 
[8, t2, T4, and : Which re .suitbly olted %o- 
gether as bymeans of,bolts t8. 
45 :Th-e -homop61r ,generator :2 comprises -e- 
tially .two ,complementaT similar hlves, Dne 
which is .housed .thin .the casing .  ,and he 
other of Which is housedwithin the ,c 
in,genelly :the:sme mnner ., is disclosed:.nd 
50 clmed in J. V. :Capu Patent No. 
dted June 18, 1935. 
,In .the present eonstruction a :lmited 
2fl isprovfded on the shf :8 for ro£ation here- 
wih andisalied With  :lminuted :fleld..struc- 
 ture 2 :held rigd with the lower:casing .section 
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I 0. In the said Caputo patent, flux ilows longi- 
tudinally oï the rotating shaït through a series 
oï laminated cote structures arranged longitu- 
dinally of the shaft; however, in the present ap- 
plication, flux flows directly into the shaft and 
longitudinally therethrough to the lower end por- 
tion, some oï the flux returning to the lower cas- 
ing sectioIoE 0 across an air gap 24 into an an- 
nular platelike portion 26 oï the section 0 and 
thon upwardly through legs 26 of the casing sec- 
tion 10 back to the laminated ileld structure 22 
and across an air gap 30 back fo the laminated 
cote 20. Other oï the flux passing downwardly 
longitudinally through the shaït 8 ilows out- 
wardly through a ilywheel 32 which is keyed by le 
means of key 34 to the lower end of the shaît 
8 through an air gap 38 to the annular pla.telike 
portion 2 and thon returns to the laminated 
cote in the manner above described in connec- 
tion with the flux which passes across the air 20 
gap 2. 
By properly proportioning the length of the 
air gaps 2 and , the flux ruade fo pass across 
the gap  may be proportioned so that substan- 
tially the entire weight of the flywheel 32 may 25 
be supported due fo the attractive effect of the 
flux passin across the gap 36. If desired, the 
gaps 3S and 4 may be so proportioned that not 
only the weight of the ilywheel 32 is supported by 
flux passin across the gap 38 but also the weight 
of the other parts carried by the shaft 8 so that 
the end thrust during operation of the motor 
generator  may be relieved from the lower bear- 
ing 38 thereof. The lower bearin 38 for the shaft 
section 8b is preferably carried by a lower end 
bell 40 of the casing section 0 which is secured 
thereto as by stud screws . Bolts 44 may ex- 
tend through other aperttu'es in the betl 40 
whereby the motor generator  may be secured to 
a suitable footin 46. The end bell 0 is pref- 40 
erably marie of nonmagnetic material such as 
stainless steel or a!uminum bïonze and is electri- 
cally insulated from the bearing 38 by suitable in- 
sulation 4L Similarly an upper end bell 4 of 
nonmaCnetic material carries an upper bearing 45 
6 for the shaft section 8c, the bearing §8 being 
electrical!y insulated from the bell 4 by insula- 
tion . 
The upper portion oï the hornopolar generator 
2 located within the casing section 2 is similar 50 
to that described and comprises a laminated core 
20, a laminated field structure 22 separated by 
an air gap 0 so that flux from the structure 
may flow across the gap 30 through the lami- 
nated core 20 upwardly through the shaft 8 55 
radially outwardly across an air gap 24 and back 
to the laminated field structure 22 through the 
casing section [2. The laminated cotes 20 and 
2 are provided with laminated inductors 48 
which are spaced circumferentially around the 60 
laminated cotes 20 and 20 and extend substan- 
tially parallel to the longitudinal axis of the ro- 
tarins common shaft 8. As shown in said Caputo 
patent, the portion oï the inductors 48 located in 
the cote 2 are preferably slightly circumferen- 65 
tially offset fïom the portion of the inductors 48 
carried by the laminated cote 20 to provide a 
diagonal connecting portion fo permit limited 
longitudinal expansion and contraction of the in- 
ductors 48. The ends of the inductors 48 are each 70 
connected to radial flanges 2, 62 of collector 
rings 54, 54a respectively. The rings 54 and 
are located concentric of the shaft 8 and held fol" 
rotation therewith between wedge-shaped collars 
6. Annular insulating members =8 (shown in 75 

detail in Fig. 11) insulate the collector ring 
from the wedge-shaped collars §6 whereby the 
ring 64 is electrically insulated from the shaft 6 
and spaced therefrom to provide an annular 
chamber 6. The collector ring 4 is located lon- 
gitudinally along the shaft intermediate the core 
20 and the annular platelike portion 2 while the 
ring  is similarly placed above the core 
and below an upper horizontal magnetic plate- 
like member 2. Suitable field windings 0 are 
provided on the upper surface of the annular por- 
tion 2 for inducing a flow of fltux across the air 
gaps 24, 30, and 3 in a path as above described. 
The laminated fleld structLu'es 22 and 22 each 
are provided with longitudinally extending con- 
ductor busses 6which are parallel with the in- 
ductors 48 and are preferably equally spaced 
around the structures 22 and 22. The sets of 
conductor busses carried by the fleld structures 
and 22, unlike the inductors 48, are not inter- 
connected together. Ail of the conductor busses 
64 associated with the fleld structure 22 are elec- 
trically connected to an annular conducting ring 
 which serres as one output terminal of the 
homopolar generator 2. The conductor busses 4 
associated with the fleld structure 2 are like- 
wise all connected together fo an annular conduc- 
ing rin 68 which serres as the other output ter- 
minal of the homopolar generator 2. The rings 
 and 68 are closely adjacent one another but 
are insulated from one another by an annular 
insulating ring 0. The outwardly extending end 
portions of all of the conductor busses 64 overlie 
the collector rings §4 and 64, depending upon 
whether the busses are associated with the fleld 
structure 2 or 2. To each of these overtying 
portions of the busses 64 is secured a brush holder 
2 carrying one or more brushes 4 which are 
resiliently urged against the associated collector 
rings 54 or 54. Each of the brushes 4 is elec- 
trically connected with the brush holder 2 by 
means of a pigtail 6. 
As is clearly shown in Fig. 7, the brushes 
are held by the holders 2 in sets which extend 
at an anle relative to the radial lines of the col- 
lector rings .and are arranged in pairs extending 
ai equal acute opposite angles with respect to 
the radius lines. In this manner the current 
flowing through the brushes does not have any 
effect in the flux fleld of the generator. In some 
instances, however, it may be desirable to 
crease or decrease the flux upon increase in de- 
livered current, and in such instances one or 
more groups of brushes may be «.rraned at 
equal acute angles so that either the additive 
or subtractive effect will be produced, since un- 
der these conditions the effect of the various 
sers located at one angle is not neutralized by 
the effect of an equal number of corresponding 
sers arrnged at the same angle but in opposite 
directions fïom the radius line. 
The common shaft 8 of the motor generator 
I comprises a section a which is magnetic in 
character having secured thereto as by bolts a 
lower end section b of nonmagnetic material 
and an upper end section c also of nonmagnetic 
material. The section3 8b and c may, for ex- 
ample, be aluminum bronze or stainless steel. 
The section c extends upwardly beyond the 
upper end bell 2 through the driving motor 
4 and through the exciter  and terminates ex- 
ternally of the top of the common casing of 
the motor generator . The rotating member 
of the driving motor 4 is suitably secured to the 
shaft section c, so that when the driving motor 



4 ,Is energized ,i.t wfll rotate the common shaft 
8, cauSing rotation of the rotating portions of 
/he homopolar generator 2 and will also cause 
rotation of the rotor of the exciter 6. Prefer- 
ably a three-phase alternating current motor is 
emploYed; however, a,ny other type motor, 
whether alternating current or direct current, 
may be utilized. The exciter 6 may be any of 
the direct Outrent generator types of proper rat- 
ing whereby a direct current voltage across ifs 
output terminals will be produced in accordance 
with ifs speed of rotation and the degree of en- 
ergization of ifs exciting winding as will be more 
thoroughly brought out hereinafter. 
leferring more specifically fo Figs. 2 and 4, 
the common shaft 8 has a longitudinal central 
aperture or passageway 8 extending substan- 
tially the length of the shaft and a plurality of 
rdially extending passageways leading from the 
aperture 8 to annular chambers 5 formed be- 
ween the outer peripheral surface of the shaft 
$ and he inner peripheral surface of the col- 
lector ring 54 and bound at its top and bottom 
by the wedge collars 56. One set of radial pas- 
sageways 52 extends from the aperture 5 radi- 
ally outwardly and opens into the annular cham- 
ber 57 adjacent the lower one of the wedge col- 
lars 56. Preferably more than one of these lower 
radial passageways 2 are provided, and when 
such a plurality are used, the radial passageways 
are spaced around the shaft 8 in such a manner 
that ,the static balance of the shaft 6 is preserved. 
A second set of these radial passageways 52 ex- 
tends through the wall of the shaft from the 
aperture 75 thereof fo the top portion of the 
annular chamber 57 adjacent the top one of the 
Wedge collars 56. This top set of radial passage- 
ways 82 preferably comprises more than one pas- 
sageway aranged about the shaft 5 in a manner 
similar to the arrangement of the lower set of 
radial passageways 52. Similar passageways in- 
terconnect the aperture 75 of the shaft 5 with a 
sïmilar annular chamber intermediate shaft 6 
and the Collector ring 5 located within the 
upper casing Section  2. 
An L-shaped fitting } is.provided for the open 
upper-end of the shaft 8 and is suitably secured 
to this upper end of the shaft 6 in.a rotative fluid- 
type manner by means of packing 8- held by a 
cap nut $. The L-shaped fltting 8 is anchored 
to..the casing of the motor generator  by suitable 
means whereby it is held against rotation with 
the short 5 and in a substantial]y flxed longitu- 
dinal position adjacent the open upper end of 
the.shaft. A suitable fitting $ connects the hol- 
low interior of the L-shaped fltting 1} fo a drain 
conduit 8 which conducts the coolant to a suit- 
able drainor radiating surface if the coolant is fo 
be re-used. The L-shaped fltting  has an aper- 
ture 6 through one wall thereof, which aper- 
ture 6 is arranged concentrica]ly with the pas- 
Sageway 6 Of the shaft 6. A coolant inflow tube 
02 exndsthrough this apërtUre  and con- 
centrically d0wnwardly through the passageway 
78 of the Shaft 8 and terminates slightly up- 
ïvardly from the lower portion of the lower end 
of the passgeway 7. A suitable cap nut M 
and Packing 86 seal the tube 2 within the 
aperture to the L-shaped fltting 8 whereby 
coolant flowthrough the aperture along the out- 
side of thetube 2 is prevented. Coolant from 
a :suitable .source .of supply is conducted to the 
tube 02through suitable means, hot shown, but 
which Will be well understood by those skflled in 
the art,, clown .through tlietube ! 02 irito.the lower 
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end of the passageway 8 from whence it flows 
upwardly within the passageway 8 around the 
tube 2 and outwardly through the conduit 
As the shaft 5 rotates, the coolant within the 
5 lower set of radial passageways 52 tends to flow 
outwardly from the passageway 8 with a .force 
depending on the density of the coolant and the 
speed of rotation of the shaft 8. Likewise, the 
coolant within the upper set of radial passage- 
lo ways 2 will also tend to flow outwardiy there- 
through from the passageway ]8 of the :shaft 
upon rotation thereof, depending on the speed of 
rotation of the shaft 8 and the density Of the 
coolant in this upper set of radial passageways 
'.5 8-. If the density of the coolant in both of the 
sers of radial passageways 62 is exactly the saine, 
they will exezt a substantially equal and oppo- 
site force upon the coolant in the annular cham- 
ber 5, and no circulation of coolant from the 
20 passageway 78 of the shaft 8 through the annUlar 
chamber 57 will result. However, since during 
normal operation of the homopolar generator 
heat will be developed Lu the colIector rings 54, 
the coolant within the annular chamber 57 wilt 
25 tend to be heated thereby. The .higher the tem- 
perature of the coolant the less dense if becomes; 
and since with increase in temperature it tends fo 
expand upwardly and increase the temperature 
of the coolant in the upper set of radial passage- 
30 ways 82, the pressure in the two sers of passage- 
ways 62 unba!ances and a flow of coolant is pro- 
vided from the passageway 7 of the shaft 8 
through the lower sers of radial passageways 82, 
upwardly through the annular chamber 5 and 
5 back again to the passagewgy ï8 of the shaft 8. 
The rate of flow of coolant will be generally 
proportional fo the temperatuïe of the collector 
ïings 54. Thereïore, as the output of the homo- 
polar generator goes up and the temperature oï 
40 the ring 54 tends to increase, the rate of flow of 
coolant through the annular chamber 57 wi.ll 
increase, maintaining the temperature of the col- 
lector ring within a sale limit. Conversely, as 
the output of the homopolar generator 2 de- 
45 creases, the heating effect on the collector ring 
54 will be reduced and the rate of coolant flow 
through the annular chamber 5 will decrease 
so that an excessive amount of coolant is not 
used to excessively reduce the temperature of the 
50 collector ring 54 below a normal temperature 
operating range. The collector ring 54a is simi- 
larly cooled by the beforementioned sets of pas- 
sageways 82 associated therewith in a manner 
which it is believed will be evident from the de- 
 scription oï the cooling of the collector ring 54. 
leferring now more speciflcally fo Fig. 9, 160 
designates an auto transformer having input 
terminals 152 and 154 adapted fo be connected 
to a suitable source of alternating current energy 
60 for use in energizing the fleld winding 60 of the 
homopola]- generator 2 and the exciting winding 
156 of the exciter 6. Preferably the terminals 
152 and 154 are connected across one phase of 
5 the three-phase power supply for the driving 
motor 4. An auto transformer 156 has its input 
terminals connected directly across the output 
terminals I0 and 162 of the auto transformer 
15. A transformer 164 has the terminals of its 
70 primary winding 166 connected across the ottput 
terminals I0 and 162 of the auto transformer 
150. The output terminals of the auto trans- 
former 158 are connected across the alternating 
current iiput terminals of a full-wave bridge- 
? type recttfler 68 having its directcurrent.output 
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terminals connected directly across the exciting 
winding 158 of the exciter 8. 
The secondary winding of the transformer 64 
is connected across the alternating current input 
terminals oï a ïull-wave bridge-type rectifier 70 
which bas ifs direct current output terminals 
arranged in series circuit with the output ter- 
minals of the exciter 8 and the field windings 60 
of the homopolar generator 2. The voltage oï 
the exciter 6 is arranged fo be less than the volt- 
age of the rectifier 170. The polarity of the out- 
put terminals of the exciter G and the direct- 
current output terminals oï the ïull-wave recti- 
fier 74 are preferably arranged in bucking rela- 
tion so that the curent fiow through the field 
winding G0 will be proportional to the differential 
in voltage beiween ihat generated by the exciter 
8 and that appearing across the direct-current 
output terminals oï the ïull-wave bridge-type 
rectifier 70. If will now be evident that the 
voltage generated by the homopolar generator 2 
will be a resultant oï the rotational speed of the 
shaït 8 and of the differential in voltage between 
that generated by the exciter 6 and that appear- 
ing across the output terminals oï the rectifier 
170. 
As the speed of rotation of the shaft 8 falls, 
the voltage generated by the exciter 8 will be 
reduced, thereby permitting a greater fiow of 
current through the field xvinding $0 of the homo- 
polar generator 2; and iï the voltage character- 
istics of the exciter 8 with relation to speed of 
rotation of the shaft 8 are propeïly proportioned, 
this increase in excitation of the field winding 
80 of the homopolar generator 2 due to the de- 
creased terminal voltage of the exciter 8 will be 
sufficient so that the output voltage of the homo- 
polar generator appearing between the con- 
ductor rings 88 and 85 will be substantially con- 
stant within any normal variable speed range oÏ 
rotation of the shaft . 
Itis believed that the remaining detils of 
construction] may best be understood by reference 
to a description of opera[ioï of the motor gen- 
eratm' I which is as follows: 
Upon energization oÏ the motor  by suitable 
means well known in the art and hot shown 
herein for sirnplicity, the shaft 3 wi!l be rotated 
at motor speed. Upon energization of the auto 
transformer 15 the exciting winding 158 of the 
exciter  will be energized through the auto 
transformer !5 and the rectifier 88 v«hereby a 
voltage will appear across the output terminals 
of the exciter 8. At the zame time, a unidirec- 
tional voltage will appear cos the output volt- 
age terminais of the bridge rectifier 70, which 
voltage is preferably bal,.nced with respect to 
the normal output voltage of the exciter  so 
that itis enough greater tl]an the output voltage 
of the eciter  to cause normal exciting current 
to fiow through the field wfldi».gs 60 of the homo- 
polar generaor 2. «Vih the field windings 80 
excited, flux will fiow through the paths in the 
generator hereinbefore described and across the 
air gaps 2, 30, and $ nd simi!ar air gaps 24a 
and l}a of the upper portion of the homopolar 
generator 2. This fiu' passes substantial!y radi- 
ally across the gaps  and 3.a and through the 
laminated cores 28 and îa dowi]wardly and up- 
wardly throuh the shaf section Sa. If should 
be noted that since the end bells 0 and 4 and 
shaÏt sections Sb and c are of nonmagnetic ma- 
terial and will not conduct flux, the flux path will 
not extend through the bearings 0 and 0. 
Since the bering 30 and 50 are corapletely in- 
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sulated from the end bells 40 and 49. no current 
will pass therethrough due to any possible un- 
balance in voltage induced due to the cutting of 
the flux by the shaft section Sa. 
5 As the shaft section 0a and the cores 20 and 
20a rotate, this flux will be cut by the inductors 
4, causing a voltage tobe induced therein. 
Since the direction of cutting of the flux by the 
inductors 48 associated with the cote 20 and the 
10 inductors 48 associated with the cote 20a is in 
the saine direction, the voltages induced by the 
cutting of the flux passing across the gaps 30 
and 30a will be additive. The upper collecting 
ring 4a will be of one polarity and the lower 
15 collector ring 54 will be of the opposite polarity. 
The collector rings are electrically connected 
by means of the associated brushes 74 to the re- 
spective sets of conductor busses 64 and there- 
through to the conducting rings 88 and 60 which 
0 form the output terminals of the homopolar gen- 
erator 2. The rings 66 and 8 may be con- 
nected by suitable conductors 172, 174 connected 
to welding electrodes diagrammatically shown 
at 17S and 170 between which the work W is 
25 clamped. A contactor 100 of a type available 
on the open market is connected in series with 
the conductor 172. A three-way valve 102 bas its 
inlet conected to a suitable source of fluid pres- 
sure through conduit 184 and its outlet con- 
30 nected by a conduit 106 to the pressure chamber 
IS] of the valve 100. Energization of the con- 
trol winding I0 of the valve 180 acts to con- 
nect the source of fluid pressure to the chamber 
100 whereby the associated piston 12 will more 
35 downwardly, causing the cam 194 thereof to fo- 
tare the bell cranks 16 (one only being shown) 
whereby the carbon disks I and 200 are held 
in intimate contact for closing the circuit through 
the conductor 172. 
40 Operation of the valve 182 is preferably con- 
tro!!ed by any of the usual contactor controllers 
202 which may be purchased on the open mar- 
ket. Such controllers, upon being actuated, will 
energize the circuit for the winding 0 for a 
45 predetermined rime interval usually for a lim- 
ited number of cycles of a sixty-cycle current 
source after which the winding I0 will be de- 
energized. Upon de-energization of the wind- 
ing 190 the valve 102 will close the connection 
50 between conduits 104 and 106 and place conduit 
ï in open communication with the exhaust 
conduit 204 whereby fluid pressure is relieved 
ïrom the chamber 108 at a controlled rate as 
determined by. a control valve 206 located in the 
55 conduit 24. As the fluid pressure escapes from 
the chamber 150 the piston will more upwardly 
allowing the bell cranks 16 to rotate clockwise 
and reduce the pressure at which the disk 
engages the disk 200, thereby increasing the re- 
60 sistance to current flow therebetween and re- 
ducing the current flow through the conductor 
72 to a value which preferably does hot exceed 
5% of the normal current flow during welding 
and in many instances to a value considerably 
65 below 5%. Continued reduction in pressure per- 
mits further clockwise rotation of the cranks 16, 
and the springs 200, one only of which is shown, 
will separate the disks l0 and 200 to interrupt 
7O the welding circuit through the conductor 172. 
By so arranging the contactor, current in the 
order of upwards of 100,000 amperes may be in- 
terrupted rapidly without destructive arcing be- 
tween the disks 10 and 200, since the lnductively 
75 stored energy of the system will be substantially 
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dissipated belote interruption at the disks 
and 
When the contactor 80 controlling the en- 
ergization of the welding electrodes 76, 78 is 
closed, whereby welding current is supplied there- 
fo, the power required to effect the welds is some- 
what greater than the power which may be trans- 
ferred by the driving motor 4 te the shaft 8 so 
that the shaft 8 tends to reduce somewhat in 
speed. Due fo the presence, however, of the 
fiywheel $2 and the kinetic energy thereof, the 
shaft 8 will tend te rotate at a substantially con- 
stant speed until such rime as energy is absorbed 
from the flywheel 32 when it slows down some- 
what. Hovever, due to the bucking arrangement 
er the exciting generator, such slow clown of 
the shaft 8 will decrease the bucking voltase 
applied by the exciter 8 and thereby raise the 
energization of the exciting windings G0 of the 
homopolar generator 2 so that the voltage out 
put generated by the homopolar generator 
maintained substantially constant whereby the 
potential supplied to the welding electrodes maF 
be held substantia]ly constant and a commercialiy 
satisfactory weld be effected between the work- 
pieces W being joined. 
As the generator 2 is so used, heat due to th 
passage of current through the co!lector 
 and 4 will be generated therein, causing 
coolant fo circulate through the annular cham 
bers , which fiow of coolant through cham 
bers  as hereinbefore described will be some- 
what proportional to the current output of the 
generator 2 whereby the rings 8 and  wi!l be 
maintained with the normal temperature oper 
ating limit. As shown in Fig. 11, the insulating 
and sealing members 8 comprise a hollow trun 
cated cone portion 2 of mica and a ho!iow 
truncated cone portion  of silicone rubber. 
The rubber being more compressible than the 
mica is initial]y thicker but, as indicated in Fig. 
2, is compressed fo the same thickness when 
sembled to insure a fiuid4ight sea]. The tub- 
ber 7 in Fig. 11 is shown in ifs expanded con- 
dition. When if is compressed, if wi]l expand 
lengthwise to some extent, and a recess  is 
provided in the portion 2 for receiving t least 
some of this displaced rubber, so that when in 
stalled with the rubber  compressed, the 
cess  will be fllled. The portions  act fo 
positively locate and hold the collector rings 
with respect fo the shaft 8, while the rubber 
74 seals the joint. If rubber alone wïe 
the rings  might, under certain conditions of 
operation, have a vibratory movement with 
spect to the shaft S which lnight cause unba! 
ance of the rotating parts and jumping of th 
brushes. When a member 8 of such rnarial is 
used, the inductor 8 may be soldered in piac 
after assembly of the ring  fo the shaft 
tion 8, 
The brushes 1 preferably are formed from 
copper dust with which has been intimately 
mixed a suitable amount of carbon or graphite 
dust. A coolant passageway 13 is provided in 
the upper end portion of the brush 4 which 
may be a passageway molded direct!y in the 
brush material, one of which is formed directly 
in the material afer the brush i fabricated or 
one of which is ormed by a tube moldd in the 
brush af the rime of ifs fabrication. Lugs 
are provided on the brushes which fit in siots 
the brush holder to limit inward movement 
thereof so that the brush cannot wear away 
ciently to expose the passageway 2. 
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Preferably one or more of the brushes .are 
formed by the first-named method in which short 
lengths of tubing 282 and 284 are provided for 
.connecting the coolant supp]y and return to the 
5 passageway 288. With this type passageway 288, 
a certain amount of the collant passes through 
the brush, simflar to oil through a self-ofling 
bearing, outwardly through the surface of the 
brush in contact with the ring 4 to aid in pro- 
l0 viding an oxide film on the ring 5. The use 
of this type of brush obviates the need for supply- 
ing humidity around the contacting brush sur- 
faces to produce the deçired oxide film as has 
often been done by those ski]led in the art by 
15 humidifyin,g the atmosphere surrounding brush 
type dynamoelectric machines. If has been round 
tht this type of cooled brush with the moist 
surface permits the use of current densities sub- 
stantially higher than bas heretofore been 
20 thought practicab!e and still maintain a satfac- 
tory brush lire. 
A brush containing substntially 90% of 300 
mesh copper and 10% of 300 mesh graphite com- 
pacted and sintered to a density of from 90 to 
2 95% of the density of the basic materia]s and 
used with water as a coolant at pressure from 1 
to 10 pounds per square inch will provide enough 
water at the brush surface to insure a desirable 
oxide film on the rotating metallic surface. Also 
30 such a brush has been used with current densities 
of one thousand amperes and 'above for pro- 
tracted periods of rime without showing any 
preciable wear and if is believed that these densi- 
ries may be increased severalfold. 
35 What is claimed and is desired tobe secured 
by United States Letters Patent is as fo]lows: 
i. In a homopolar generator, a rotor arranged 
fo rotate about a vertical axis, a hollow vertically 
extending shaft carrying said rotor and provid 
40 ing a chamber for the upflow of coolant, means 
providing a container for coolant outwardly of 
said shaft fïom the hollow interior thereof, ver- 
tlcally spaced passageways in said shaft com- 
municatively connecting said container with the 
45 hollow interior of said shaft, and fiuid .conveying 
means for supplying .coo!ant fo one en.d portion 
of the hollow interior of said shaft, the other end 
portion of said shaft bein open for the discharge 
of coolant therefrom. 
50 2. In a dynamoelectric apparatus, a support, 
a rotating member carried for rotation on a ver- 
tically extending shaft journa!ed for rotation in 
said support, said shaft having a longitudinally 
extending central passageway, means providing 
55 a coolant containing pocket in heat-exchange re- 
lation with said member, means providing an 
inlet passageway to said po.cket from said central 
passageway, means providing an ourlet passage- 
way from said pocket to said central passageway, 
60 said ourlet passageway being elevated above said 
inlet passaeway, and fiuid conveying means 
opening into said central passageway below said 
ourlet passageway. 
3. In a dynamoelectric apparatus, a support, 
65 a rotating member carried for rotation on a ver- 
tically extending shaft journaled for rotation in 
said support, said shaft having a longitudinally 
extending central passageway, means providing 
a coolant containing pocket in heat-exchange 
ïO relation with said member, said shaft having a 
radially extending inlet passageway fo said pocket 
from said central passageway and having a 
dially extendin ourlet passageway from said 
pocket to said central passageway, said ourlet 
75 passageway being elevated above said inlet pas- 
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sageway, and fluid conveying means opening into 
sald central passageway below said outlet pas- 
sageway. 
4. In a dynamoelectric apparatus, a vertically 
extending shaft journaled for rotation about its 
longitudinal axis, a slip ring carried by said shaît 
and spaced therefrom to form an annular coolant 
container, said shaft having a central longitu- 
dinally extending passageway centrall: oî said 
container and vertically spaced radially extend- 
ing fluid-flow passageways, said spaced passage- 
ways being located adjacent upper and lower 
portions of said slip ring and connecting said 
central passageway with said container whereby 
coolant will flow outward!y from said central 
passageway through the lower one oî said radial 
passageways and into said annular container and 
inwardly to said central passageway from sa.ld 
container through the upper o_ne of said radial 
passageways. 
5. In a dynamoelectric apparatus, a vertically 
extending shaft journaled for rotation about its 
longitudinal axis, a slip ring carried by said shaft 
and spaced therefrom to form an annular coolant 
container, said shaît having a central longitu- 
dinally extending passageway centrally of said 
container and vertically spaced radially extend- 
ing fluid-flow passageways connecting said cen- 
tral passageway with said container whereby 
coolant will flow outwardly from said central 
passageway through the lower one of said radial 
passageways and into said annular container and 
inwardly to said central passageway from said 
container through the upper one of said radial 
passageways, and a coolant-conveying conduit 
extending centrally of said central passageway 
for supplying coolant thereto below said upper 
radial passageway. 
6. In a dynamoelectric apparatus, a vertically 
extending shaft journaled for rotation about its 
longitudinal axis, a slip ring carried by said shaft, 
and spaced therefrom to form an annular coo]ant 
container, said shaft having a central passageway 
extending longitudinal]y and centrally of said 
containm" and opening through the top wall of 
said shaft, said shaft having vertically spaced 
radially extending fluid-flow passageways con- 
necting said central passageway with said con- 
tainer whereby coolant will flow outwardly from 
said central passageway through the lower one of 
said radial passageways and into said annular 
container and inwardly to said central passage- 
way from said container through the upper one 
of said radial passageways, and a coolant-con- 
veying conduit extending central]y of said central 
passageway and above said shaft top wall for 
supplying coolant thereto below said upper radial 
passageway. 
7. In an apparatus of the character described, 
a hollow shaft, bearing means for supporting 
said shaït for rotation of said shaft about its 
longitudinal axis, voltage inducing means carried 
by and rotatable with said shaft, a sleeve mem- 
ber carried by and rotatable with said shaft, 
conductor means connecting said inducing means 
with said sleeve member, collector brushes hav- 
ing sliding engagement with said sleeve member, 
fluid flow conveying means for supplying a cool- 
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ant to the holIow interior of said shaît af one 
portion thereof, means for exhausting coolant 
from sald interior at a point spaced on the oppo- 
site side of said sleeve member from said one 
5 portion, said ho]low interior being arranged for 
coolant flow therethrough to cool said shaît, and 
means including fluid flow passageways through 
which coolant from sald interior may flow to and 
return from said sleeve member for cooling the 
10 engaging surfaces of said sleeve member wlth 
said brushes. 
8. The combination of claire 7 in which sald 
last-named means comprises coolant chambers 
located intermediate said shaft and sald sleeve 
15 member and coolant chambers within said brushes 
whereby the heat of said surface is extracted in 
both directions from said surfaces. 
9. The combination of claim 8 in which said 
bearing means supports said shaft with its longi- 
20 tudinal axis extending substantially vertically 
and in which said passageways are vertically 
spaced along said shaft for interconnecting the 
one of said coolant chambers located intermediate 
said shaft and said sleeve member with the hoi- 
25 low interior of said shaft. 
10. In a homopolar generator, a rotor arranged 
to rotate about a vertical axis, a ho]low vertically 
extending shaft carrying said rotor in heat ex- 
change relation, the ho]low interior of said hol- 
30 low shaft forming a chamber for the upward flow 
of coolant, a collector cylinder carried concen- 
trically with and by said shaft at each side of 
said rotor intermediate portions of said collector 
cylinders being spaced from said shaft to provide 
35 coolant containers, each said container being con- 
nected to said hol]ow interior by a pair of ver- 
tically spaced passageways, fluid flow conveying 
means for supplying coolant to a lower portion of 
said interior, said lower portion being at least as 
40 low as the lowemost one of said passageways, 
and means to permit flow of coolant outwardly of 
said interior ata portion thereof above the 
permost one of said passageways. 
JAMES V. CAPUTO. 
THOMAS J. CIAWFORD. 
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